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OFTXCMi DCVIC& AKD METHOD FOR FABRICATING THE SAME 

The present invention is based on Japanese Patent 
Applications Wos. 2002-223670, 2002-326398 and 2002-326399, 
the entire contents of which are incorporated herein, by 
5 reference. 

Bfi.CKGB.OTJND OF THE INVENT ION 
" 1, Field of the Invention 

The present invention relates to an optical device that 
is essentially used in the field of optical coipmunication, and 
10. to a method for fabricating ir, in particular/ the Invention 
relates to an optica-l device having a specific surface profile 
■ structure Eavoratole for transmission gratings, Fresnel lenses, 
microlens arrays and the like/ and to a method for fabricating 

- it. ' * ■ \[ , 

15 .2. Related Art 

with the increase in the capacity of information 
cpirauunicatlon in the field of optical coiDitiunlGatloni many 
optical devices such as diffraction gratings, microlens arrays 
and others have become much used therein. These are tabular 
20 optical devices that have a predetermined protrusion-groove 
. Biicrostructure profile on their surfaces for utilizing light 
diffraction or refraction through or on the profile structure 
thereof- 

Various methods are known for forming such a 
25. protrusion-groove profile structure profile on the surfaces 
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of tabular optical devices. One method that, is preferred for 
inexpensive and industrial-scale fabrication of the optical 
devices of the type is a resin forming technique . This comprises 
uniformly casting a UV-curable reein monomer onto a substrate 
5 followed by exposing it to UV light while being kept in contact 
with a mold having a predetermined pro t rues ion^groove 
microstructure profile^ and the method is disclosed in, for 
example, Japanese Patent Publication No. JP-A 63-49702. 

On the other hand/ in optical communication, it is desired 

10 to prevent reflected and returning. light in optical paths . In 
addition, it is necessary that the reflection on the surfaces 
of > the optical devices is as small as possible. For such 
antlre:f lection, a method of forming a multi-layered dielectric 
film on the surface of an optical deice is the most popular, 

15 However, In the resin forming technique mentioned above, 

the UV-curable monomer much shrinks in the step of 
photopolymerization thereof, and it could not often satisfy 
the designed dimensional accuracy that is necessary for optical 
devices. Another problem uith the techniquQ is that resin is 

20 not resistant to heat, and therefore, the temperature of the 
substrate on which a multi-layered dielectric film is formed 
must be kept low.. Still another problem is that the quality 
and the durability of the multi-layered dielectric film are 
not so good. 
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SUMMARY OF THE IKVENTIOM 
The invention has been made to solve the problems in 
the related art as abov©/ and. Its one object is to provide a 
protrusion-groove roicrostructure profile of resin of which the 
5 thermal shrinkage in molding is small and the dimensional 
• accuracy Is high, ^uniother object of the invention Is to provide 
an optical device with a multi-layered dielectric film, which 
has good heat resistance, gopd desired properties and' good 
durability. " 

10 (1) The optical device of the invention is fabricated 

by proce.ssiiig the surface of a solid coiaposition layer, having 
a glass transition temperature of not lower than 100°C to thereby 
make the surface thereof have a predetermined profile, structure, 
followed by. coating the surface with a multi-layered dielectric 

15 ,film- More preferably^ the glass transition temperature of 
. . the solid composition layer is not lower than 150^*0, even more 
preferably not lower than 200V- 

Having a glass transition temperature not lower than 
100°C/ the solid composition is highly resistant to heat and 

20 is stable up to the glass transition, temperature thereof . 
Accordingly f the film-forming temperature at which the surf ace 
. of the substrate is coated with a multi-layered dielectric film 
may be elevated up to around the glass transition temperature 
of the solid composition. At such an elevated film-forming 

25 temperature, the multi--layered dielectric film f ormedmay have 
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a dense structiare/ and its heat resistance and zupisture 
resistance may be better • 

(2) The optical device of the Invention is fabricated 
by proceaalng tbe surface of a solid coiapoaition layer having 

5 a. linear thamal expansion coefficient of at most 190 ppm/.^C 
to thereby make the surf ace thereof have a predetermined profile 
structure followed by coating the surface with a multi-layered 
dielectric film. Moreprefer^bly/ the linear thermal expansion 
coefficient of the solid^compositiotl layer is at most 170 ppm/*'C/ 

10 even more preferably at most, 150 ppia/^C. 

Having a linear thermal expansion coefficient of at most 
190 ppin/^Cf the solid composition is defprmed little by the 
ambient temperature change, and therefore the film-forming 
temperature at which a multi-layered dielectric film is formed 

15 on the surface.of the solid composition layer^coated substrate 
may be high. The multi-layered dielectric film formed at such 
an elevated temperature may have a dense structure, and its 
heat resistance and moisture resistance may be bettered* 

(3) The optical device. of the invention is fabricated 
20 by processing the surface of a solid composition layer to thereby 

make it have a predetermined profile structure followed by. 
coating it with a multi- layered dielectric film, in Which the 
weight reduction in the solid composition layer when heated 
at a teraperaturenot higher than the glass transition temperature 
25 thereof Is at most. 1.3 % by weight. Preferably^ the weight 


reduction in the solid composition layer is at most 1.0 % by- 
weighty more preferably at most 0.7 § by weight- 

The solid composition In which the weight reduction is 
small when heated at a temperature not higher than the glasa 
5 transitiontemperature thereof is resistant to heat and is stable 
up zo the glass transition temperature thereof. Therefore, 
using the solid composition of the type makes it possible to 
elevate the film-forming temperature up to nearly the glass 
transition temperature thereof in the atep of coating the solid 

10 composition layer with a multi-layered dielectric film- 
Elevating, the film- forming, temperature is advantageous in that 
the multi-layered dielectric film thus ' formed under the 
condition may be denser and its heat resistance and moisture 
resistance are better* 

15 . The predetermined surface profile of the op tieai.de vice 

of the inVention is formed by molding the iaolid composition/ 
for which, therefore, used is a fluid composition containing 
apolymerizable organic group, and this is polymerized ahd cured 
through exposure to light or thermal energy. The 

20 . phptopolyitferization or thermal polymerization for it is 
addition polymerization, and the shrinkage of the film thus 
cured in that mode is therefore lower than that of the film 
formed through dehydrating condensation. Accordingly, the 
photopolymerization or thermal polymerisation that is employed 

25 in the invention is effective for satisfying the requirement 
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of the dimensional accuracy necessary for optical devices. 

Preferably/ the polymarisablQ organic group is an epoxy 
group, and the fluid conyposltion contains the . following 
components (A)', [B) , (C) and (D) in the ratio indicated below: 
5 (A) non-fluorinated epoxy compound 20 to 99,9 - by 
weight, 

(B) polymeri sation initiator 0 . 1 to 7 % by weight , 

(C) fluorinaied epoxy compound : OtoVS.SSbywelcrht, 
ID) silane coupling agent 0 to 10 % by weight. 

10 Also preferably, the component (A) is an alicyclic.epoxy 

compound. 

. The polymarizabl© organic group may be selected from 
an acryloxy group, a methacryloxy group and a vinyl group - 
Preferably/ the multi-layered diQlectric film is a film 
15 having at least two layers (two-layered film) that coiroprises,* 
. as the essential ingredient thereof, a material selected from 
SiOgr TiOfl, TaaO&, ZrO^^ NhsOe and MgF2. Also preferably, the 
thickness of each layer of the multi-layered dielectric fllia 
falls between 1 and 600 nm. Also preferably, the film does 
20 not have grain masses or columnar structures having a diameter 
of at least 10 nm. ' 

The. multi-layered dielectric- film in the invention is 
essentially for antiref lection. Formed of the material 
selected from the above/ the multi-layered film may serve ais . 
25 an optically-stable and durable antiref lection filin. For 
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example, the film may a two-layered or more multi-layered 
film of Ti02/Si02# TazOa/SiOz, ZrOz/SiOz, TiOz/MgFz or the like/ 
and it is desirable that the film is adequately planned in point 
□f . the thickness and the material of each, layer thereof/ 
5 depending on the intrinsic parameters of the film such as the 
wavelength or light to run through the film and the reflection 
attenuation of light to return through it. Preferably, in 
general, the thickness of each layer of the multi-layered 
dielectric film falls between 1 and 600 nm, more preferably 

10. between 10 and 400 nm. 

Also preferably, the surface of the solid composition 
layer that has been polyinerized and cured is coated- with an 
SiOfl film haying a. thickness of from 1 to 200 niii/ and the 
multi-layered dielectric film is formed on it . 

15\ The SiOa film is effective for protecting the surface 

of the polymerized and cured# solid compoeition layer and for. 
enhancing the adhesiveness between the solid composition layer 
and the multi-layered dielectric rilm. . For its effect/ the . 
thickness of the SiOz film preferably falls between 1 and 200 

20 nm^ more preferably between 10 and 150 nm. 

Preferably/ the substrate is at least one selected from 
glass, ceramics, metal and resin. 

The material for the substrate should "be selected 
adequately for preventing the film from being peeled at the 

25 interface between the substrate and the film in the process 
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of fgnciing it and fgr preventing the film from being cracked 
or damaged: 

Also preferably, the substrate in the invention is so 
selected that it transmits light of which the wavelength falls 
5 within a predetermined range. This makes it possible to apply 
light to the side of the substrate for curing the composition 
through optical polyniQrization therQof via the substrate* In 
that case* In addition/ the optical devices thus fabricated 
may function as transmission optical devices. 
10 Depending on the predetermined surface profile to he 

formed therein, the optical devices of the invention may function 
. as transmission gratings/ Fresnel lenses or a microlens arrays . 

The optical device of the Invention that has such a 
predetermined surface profile may be fabricated, for example/ 
15 in the manner mentioned below- 

A polymerizable organic group-having fluid composition 
is put between a substrata and a mold to be a film hermetically 
sandwiched therebetween, then this is exposed to at least any 
one of heat and UV light to be thereby cured, the thue-cured 
20 solid composition is thereafter released from the mold/ ^d 
a multi-layered dielectric film, is formed on the surface of 
the solid composition layer . Preferably/ the fluid composition 
contains a photopiolymerization. initiator ♦ Containing it, the 
composition may be cured through photopolymerization- Also 
25 preferably/ the glass transition temperature of the solid 
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composition layer is not lower than 100*C, as so mentioned 
hereinabove* Alao preferably/ the linear thermal expanaion 
coefficient of the solid composition layer at its glass 
transition temperature Is not larger than 190 ppin/**C- 
S Also preferably, the weight reduction in the solid 

composition layer, when heated at a temperature not higher than 
the glass transition temperature thereof, ia at most 1-3 % by 
weight- 
Preferably in photopolymerization of the composition, 
10 at least one of the substrate and the mold is formed of a 
UV-pervlous material, and the composition is exposed to uv light 
that has passed through the substrate or the mold. 

The composition may be uniformly exposed to UV light 
to give a uniform solid composition layer. 
15 . ' BRIEF DESGRIPTIQN OF THE DRMTINGS 

rigs. iA through ID show a process of fabricating the 
optical device of the invention; and 

Fig. 2 Is a schematic view showing one embodiment of; 

the optical device of the invention for a microleng array. 
20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Embodiments of the invention are described in detail 
hereinunder. 

The optical device of the invention comprises, a 
composition layer having a high glass tranaition temperature^ 
ZB in which the layer is coated with a multi-layered dielectric 
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layer. The composition layer Is lormed by polymerizing and 
curing a polymer irable orge.nic group-having fluid compound* 
For forming a predeterialned protrusion-groove surf ace prof ile 
in the optical device, the compound is put between a substrate 
5 and a mold to be. a film hermetically eandwiched therebetween^ 
then.rhis Is exposed : to at least any one o£ both of tieat and 
UV light to be thereby polymerized and cured by the energy of 
the heat or light. Then, the thus-cured solid- composition is 
released from the mold/ and then optionally heated whereby the 

10 reversed surf ace prof ile of the mold is transferred onto; the 
surface of the composition..- . Further, a multi-layered 
dielectric film is formed bh the surf ace of the solid composition 
layer to complete the optical device of the invention." 
Preferably/ the multi-layered dielectric film in the optical 

IS device of the invention has a small linear thermal expansion 
coefficient/ and also preferably, the weight reduction In the 
film under heat is small 

As SO mentioned hereinabove, the compound for the solid 
composition layer must have at least one polymerizable organic 

.20 group in themolecule. The photopqlymerizatlon of the compound 
is induced by the addition polymerization of the radical or 
cation that is formed through photolysis of the polymerization 
Initiator combined with the compound, to the poiymerlzable 
organic group of the compound. Accordingly/ as compared with 

25 that in dehydrating condensation, the shrinkage of the 
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photopolymerized compound is small and the compound inay 
Instantaneously . form a cheinlcally-bonclecl unirorm film. In 
thermal pplymerizatioh, the polyaieriz.ation; initiator begins 
■ to act through pyroiysis, Accordingly/ in the invention, the 
5 polymeri sable organic group in the compound for the solid 
composition layer is preferably one that is pplymarized through 
exposure to light or' heat • - , 

Examplee of the photopolymerizable organic group are 
an epoxy group, ah acryloxy group^ a inethacryloxy group, a vinyl 
10 group, and organic groups containing any of them. Examples 
of the thermally-polyKierizable organic group are an epoxy group, 
a vinyl group/ and organic groups containing any of them*- When 
the pplymeriaable organic group is an epoxy group, then the 
compound must . contain at lesr one such group in the molecule; 
IB but when the polymer izable organic group is an acryloxy group, • 
a iciethacryioxy group or a vinyl group, then the compound must 
contain at least two such groups in one molecule. 

Examples of the epoxy group-having polymerizing compound 
. are liquid epoxy compounds such as alicycllc epoxy eompounds, 
20 aromatic epoxy compounds and fluorinated epoxy compounds. 
Examples of the alicyclic epoxy compounds are those of chemical 
formulae (1) to (7) mentioned belowl 

Of those, the following compounds (1) to (fi) are preferred, 
since they are easy to handle because oC their good heat 
35 resistance/ good chemical resistance and good liquid viscosity. 
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and since they are readily cured and their starting corapounde 
are readily availat)le . . 
3, 4-Epoxycyclohexylinethyl 

(3, 4-eppxyGyclohexane}carboxylate of formula (1) ": 
S . . .0 



(1) 


vlnylcycloheXGnediepoxide of formula (2): 

10 



CH-CH, ■ ' (2) 


3, 4-EpQXy-6-methylycyclohexylinethyl 



Dicyclopentadieneoxide of formula (5) : 



Bis{2,3-epo3cycyclqpentyl) ether, limonenGdioxide of formula 
(6):. ' • . ' 



(6) 


' , In addition^ other Gojnpounds of the following formulae 
(7) are. also usable in tne invention. 
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CH = CH, 





CHa CU., . 
.1 I 
Cll,-CHi-Si-0-Si-CH,-CH, 

I ( . 




Examples of the aromatic epoxy compounds are those of 
following geperai formula (8): 
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O 

-0 - X-O-CHjCH CHr O ~X- 0 
OH " 


(0) 


0 


wherein X is a group of any of chemical formulae (9) to- (14) 
mentioned, below. 
Bisphenol A-type compound with a group of formula <9) : 
(9)- 


10 



15 


Bisphenyl compound with any of the following formula (10) 
(10) ' 



20 



Bisphenol P-type cpinpound with a group of formula (11) : 


25 
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(11) 



. Diphenyl ether compound with a group of . formula (12); 



Bisphenol S-type compound with a group of formula (13): 
(13) " . . • . 



Other compounds- with any. of the following fomlula (14).: 

20 


25 
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(14) 


H,C 



10 


15 


Tliese ar© preferred for use herein^ since they are easy 
to handle because of their good heat resistance^ good chemical 
resistance and good liquid viscoaity, and since they are readily 
cured and their starting compounds are readily available . 

Exazi^les of the fluorinated epoxy compounds are those 
of the following general formula (13): . 


20 


X f -OCH^CH CH;,-OX f - 0 
OH 


(15) 


o 


wherein Xf is a group of any of chemical forznulae (16) and (17) 
mentioned below, and Z represents an alkyl group. 


25 


17 


fin Vi- l-SVi /•IDI'MiniiQ 


(16) 



I u r in I II Q u 


; B 1 D D D 1 ;i y b 4 


<17) 



CF, F F P P CF, 
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Further mentioned for use herein are compounds or the 
following general formula (18) in which R represents a group 
of the Chemical formula (19) mentioned below. 


0 


R 


(18) 


10 


(19) 


15 


R: -(CF2)„ CF(CF3)2 


R : -Q(GHa)„(CF^„H 


20 


K : - (CF2)„CF=CH, 


25 


R : - (CHj)„CFOCFflCF=CHa 


CF, 
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The refractive index of the cured products of ths 
fluorinated epoxy cqmpaunds is lower than than of rhe cured 
products of the aiicyclic epoxy compounds or the aromatic epoxy 
compounds, .Therefore, th6 fluorinated epoxy compound may be 
5 mixed with any other liquid epoxy compound f or controilincr the 
refractive index of the cured products of the mixture - In 
addition^ since the cured products of the fluorinated epoxy 
coinppimds have good water" repel lency and oil repellency, the 
compounds are effective for Improving the moisture resistance 

10- and the cheraical resistance of the solid composition layer of 
the optical device of. the Invention. One or more of these epoxy 
compounds may be used herein either singly or as coinbined- 
For improving thd adhesiveness of the solid composition 
layer to the substrate and for improving the moisture resistance 

15 of the layer, a silane coupling agent may . be added to the- 
composition* The silane coupling agent includes^ £or example, . 
3-glycidoxypropyltrimethoxysilane of a formula (20) : 

. o' 

0-(CH,)3-Si(OCH3)3 

and 3-glycidoxypropyltriethoxysilan©, 
2- (3, 4-epoxycyclohexylethyltrimethpxysliane) , and 
25 2- (3, 4-epoxycyclohexylethyltriethoxysilaiie) (these are in the 
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following formula (21) ) . 


(21) 


0-(CH2)3^Si(OCH2CH3); 


10 


o 



(CH2)2-Si(0CH3), 


(CHa)a-Si(0CH2CH;^, 

The amount of the silaixe coupling gent to be in the fluid 
composition may be at most 10 % by weight of the, composition. 

Examples of the acryloxy group-having organic group ate 
an acrylQxy-substituted alkyl group snch as an acrylbxypropyl 
group, and an acryiojsy-substituted hydroxyalkyl group. 
Examples of the methacryloxy group-having organic group are 
a methacryloxy-subspltuted alkyl group, a methacryloxyethoxy. 
group, and a methacryloxypolyethylene group, 

. 22 



Examples of the vinyl group-having organic group are 
a vinylbenzyloxy group/ an N-vinylf ormamido group/ and a 
vinyloxy group. Examples of the epoxy group-having organic 
group are an epoxy-substltuted propoxy group/ an 
6 epoxycyclohexyl ethyl groupf end an epoxyethylphenyl group. 
Fluorlnating the hydrogen atom in the organic group results 
in further improvement in the w&terproofness and the heat 
resistance of the optical device • 

in the case where the polymerizalDle organic group In 

10 the , fluid composition is photopolywierizable/ a 
photopolymerizatioh initiator is added to the composition^ 
Examples of radical phbtopolymerization initiators usable 
herein aro [2-hydroxy-2-methyl-l^phQny_lpropan-l-one] (this is 
abbreviated as SI - the same shall apply herelnunder) ^ 

15 [1- (4-isopropylphenyl)-2-hydroxy-2-methylpropan-l^.one] (32), 
[4- (2^hydroxyethoxy) phenyl- (2-hydroxy-2-propyl) ketone] [S3) , 
[2,2-dimethoxy-l,2-diphenylethan-l-one] (34), 
[1-hydroxy-cyclohexyl -phenyl-ketone] (s'S), 
[2-iaethyl-2- [4-7 (methylthio) phenyl] -2-iiLorphGlinopropan-l-on 

20 e] IS6),. lbie(2,6-dimethoxybQn2pyl)-2,4,4-tri^Elethylpentyl- 
phOspIllne oxide] (S7) , . ■ and 
l2-benzyl-^2-dimethylamino-l- (4-morpholinophenyl) -butanone* 
1] (S8) . " . 

Examples of cationic photopolymerization initiators 

25 also usable herein are 
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phenyl [m- {2-hydroxyt6tracyclo) phenyl] iodoniuiti 
hexafluoroantimonate (S9), and ■ dlphenyllodonlum 
tetrakis (pentafluorophenyl) borate (SlO) ^ Preferably, the 
amount of the photopolymerization initiator to be the 
5 composition is from O.I to 7 % by weight of the composition. 

The predetermined surface profile of the optical device 
of the Invention Is formed by molding the resin composition. 
Therefore/ the polymerizable organic group-having compouud f or 
the composition must be fluid/ and its viscosity preferably 

10 fails between 3 and 2500 mPa-m, more preferably between 100 
and 1500 mPa-m, most preferably between 100 and 1000 mPa-m. 

The essential object of the multi-layered dielectric 
film to be in the optical device of the invention is 'for 
antiref lection on the surface of the device. For realizing 

15 the necessary antireflection property thereof/ the optical 
device has a two-layered or moremulti-layered filmof TiOjj/SiPa, 
Ta20s/5iO2f Zi:O2/Si02/ TiOs/MgPa or the like^ and it is desirable 
that the film is adequately planned in point of the thickness 
and Che material of each layer thereof/ depending on the 

20 intrinsic parameters of the film such as the wavelength of light 
: to run through the film and the reflection attenuation of light 
to return through it. Preferably/ in general/ the thickness 
of each layer of the multi-? layered dielectric film falls between 
1 and 600 nm, more preferably between 10 and 400 nm. 

2B . Denser films are more durable: Therefore/ it is 

24 


desirable that ths filmis formedmor© uniformly andmorQ d©ns©l 
for example, in a mode of sputtering or vacuum evaporation. 
In. addition, in view of the moisture resistance of the 
multi-layered dielectric film, , the temperature at which the 
5 film is formed preferably falls between so and 25q;*C# more 
preferably between 80 and 2S0®C. 

For protecting the surface profile of the solid 
composition layer formed on the subs t rate and for enhancing 
the: adhesiveness between solid composition layer and the 
10 antireflection film formed oti it/ it is desirable that an SiOz 
film is additionally formed botwa^n the solid composition layer 
and the multl^layered dielectric layer. Any other material 
than Si02. may be selected for the interlayer. Preferably/ the 
thickness of the interlayer is from 1 to 300 nm/ more preferably 
15 between 10 and 150 nm. ' 

For fabricating the optical device of the invention that 
has apredetermlned surf ace prof ile as above, there are mentioned 
two typical methods mentioned below. 

One method (this is hereinafter referred to as a mold 
20 casting method) comprises casting a fluid composition onto a 
mold. and degassing it. Next, the mold with the composition 
thereon is Jointed with a substrate/ and heated or exposed to 
QV light* Through this, the composition is cured. The cured . 
. composition is released from the mold/ and then this is 
.25 optionally heated. 
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The method is described in more detail with reference 
to Figs. lA through ID. A mold 10 having a predeterinined 
protrusioft^grooveitiicroatructuxe profile on Its surface is kept 
horizontal with the f acs of the aold being kept upward. Then, 
5 a fluid Gomposition 30 having a viscosity of ' from 100 to 1000 
BiPa-m is cast oiito the ttold 10 so that the recesses Of the mold 
are filled with the composition (Fig. lA) , In place of casting 
the fluid composition thereonto,. the mold may be dlppeil in a : 
,■ bath of the fluid conjposition,. or the fluid coinposition may 
10 be applied onto the .mold by the . use of a coating brush. 

In that condition in which it is protected from air 
penetration thereinto, the fluid composition 30 filled on the 
• mold 10 is k«pt at a temperature fallingbetween room tezuperature 
and iOO-C or so under a raduced pressure of ftom 2 to 5 Pa for 
15 5 to 10 minutes. In this stage, the fluid composition may be 
degassed to remove the bubbles and the diaaolved oxygen from 


it. 


Next, a substrata 20 ia brought into contact with the 

flTiidcomposltion 3 0 on themold 10 in such a controlled condition 
20 that no space exists between the fluid composition- 20 and the 
surface of the substrate 20, whereby a layer of the fluid 
composition 30 is sandwiched between the substrate 20 and the 
mold 10 (Pig. IB) , In that condition, . this, is Kept at 20 to 
lOO'c for 1 to 30 minutes while^ exposed to DV light, or is heated 
25 at 14.0 to 180°C and kept as such for 10 to 120 minutes to thereby 
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polymerize and cure the fluid composition. 

in the case where the composition is exposed to uv light/ 
at least one.of the substrate 10 and the mold 10 shall be fonaed 
of a UV-pervious material. Next, the mold 10 is peeled to release 
5 the cured product fromit- The process gives a solid composition 
layer 32 which has a. reversed protrusion-groove znicrostructure 
profile corresponding to but reversed from the 
pro true ion-groove surface profile of the mold 10 and which has 
a high glass transition temperature # formed and bonded to the 
10 surface of the substrate 20 (Fig, IC) • 

Opticsnally, this is finally heated : under ordinary 

pressure or a reduced pressure ot trom 2 to 5 Pa at lOO to 200''c 
for IS to 250 minutes^ whereby the polymerization initiator: 
and the non^polymerized monomer that may remain in the solid 

IB compoaition layer are vaporized away. Thus proceasedi the 
solid composition layer may shrink a little in the direction 
of the thickness thereof to be a denser film. The thus-formed 
solid composition layer 32 that has a predeteantLined surface 
' profile 'structure is coated with a multi-layered dielectric 

20 film 40, as in Fig. ID, to give an optical deice 100 of the 
invention. ' 

Z^other method (this is hereinafter referred to as a 
siobstrate castingme thod) comprises casting a fluid composition 
directly on the surface of a substrate/ then degassing It, and 

25 thereafter pressing a mold against the fluid composition on 
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the surface of the substrate, and exposing it to CJV light or 
heat in that condition for transfer molding the composition. 
After this, ,the cured product is released from the mold and 
then optionally .subjected to final heating treatment, 
6 ' The second method is the same as the first method except 

the process after the step in Fig*. Ifi. Concretely, the surface 
of the substrate to be coated is kept horizontaili and a fluid 
. compbsition having a viscosity of from 100 to 1000 mPa-m is 
cast onto the substrate and spread.to form thereon a layer haying 

10 a predetermined thickness • In that condition in which it is 
protected from air penetration thereinto^ the fluid composition 
is kept at a temperature failing between room tenj-perature and 
100°G under a reduced pressure of .from 2 to 5 Pa for 5 to 10 . 
minutes- In this stage, the fluid composition may be degassed 

15 to remove the bubbles and the dissolved oxygetn from it* 

Next, a mold having a predetermined protrusion^groove 
microatructure profile is pressed against the layer of the fluid 
^composition and kept as such under a pressure of from 0.5 to 
120 kg/cm^ at a temperature of from 20*c to 150**G for 50 second?: 

20 to 60 minutes; or while the mold is pressed against the fluid - 
, composition layer uiider the pressure as above # the coKiposition 
layer is exposed to UV light in such a controlled manner that 
the irradiation intensity at the site of the layer to be cured 
may fall hetween 1.0 and 120 mTH/cin27 and kept at a temperature 

25 of from20 to 100*'C.for 60 seconds to 30minutea. Thus processed. 


the polymerization of the f liiid composition is almost coiapleted, 
and the composition layer is thus cured. 

In case where the composition is exposed to UV light/ 
at least one of the substrate and the mold shall be formed of 
6 a UV-pervious materiel. Next/ the mold is peeled to release 
the ciiredproduct from it . Theprocess gives a solidcomposition 
layer which has a reversed protrusion- groove microstructure 
profile corresponding to but rovsr'eed from the 
protrusion-groove surf ace prof lie of ttiemold/ formed and bonded 
10 to the. surface of the substrate. 

Optionally/ this is heated/ for example, under ordinary 

pressure or a reduced pressure of from 2 to 5 Pa at 180 to 250°c 

for 15 to 350 minutes, whereby the polymerization initiator 

and the non-polymerized monomer that may remain In the layer 
15 a.re vaporized away. Thus processed/ . the solid ^ composition 

layer may shrink a . little In the direction of .the thickness 

thereof to be a denser film. 

The thus-formed solid composition layer that has a 

predetermined surface profile structure, is coated with a 
20 multi-layered dielectric film to give an optical deice of the 

invention. 

The outermost surface of the. mold to be used in the 
invention is preferably coated with a release filmof f luororesin 
or gold (Au) , The f luororesin may be uniformly applied to the 
25 mold in a mode of spin coating or dipping. Gold is an excellent 
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material for the release film for the mold^ since its 
releasability, mechanical strength against pressure, heat 
resistance, corrosion resistance and oxidation resistance are 
all good, preferably/ the thickness or the release film is 

^-.S from 200 to 1000 nm, more preferably from 400 to 600 ran. Release 
films haying a smoother surface have better releasability . In 
the invention/^ therefore, it is desirable that the release film 
is formed uniformly and smoothly on the mold in a mode of 
. sputtering^ vacuum evaporation, . electroless plating, 
10 electrolytic, plating or foil lam^ination. 

Preferably, the expansion coefficient of the core 
material for the mold is similar to that of the release film. 
Resin molds have the advantages , in that they may be readily 
processed to have microstmctures and may also be readily 
.15 processed to havs a desired shape; wile glass or metal molds 
have the advantages in that they have good heat resistance and- 
• high mechanical strength and their durability ia high* 

The mold for use in the invention shall have grooves 
or protrusions formed on its surface. Regarding the 
20 protrusion-groove prof lie of the mold, for example, there are 
mentioned various types of spherical, conical or angular conical 
profiles, as well as slits of yarioua cross-sectional profiles. 
Concretely, any desirednumbers of spherical, conical or angular 
conical profiles may be formed entirely or partially in the 
. 2S release film on the toold. On the other hand, when grooves are 
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formed as slits, the slits may be any of linear or curved ones, 
and their number may be any desired one. When multiple sllns 
are formed, they may be in any form of concentric circles or 
lattices. 

B According to the invention ag znentioned above, a film 

having a pr.otrusion-groove surface profile is formed on.a planar 
tabular or curved tabular substrate, in which the film has a 
glass transition temperature of not lower than 100°C and its 
surface has a prptruslon-gropve micro structure profile formed 

10 at a predetermined protrusion-groove ipitch of, for example, 
from 1 \m to 500 fjun to have a predetarmined height of from 5 
to 300 umand in which the maximum thickness of the film (measured 
at the- surface protrusion of the film) is from 1 Jim to 1 mm, 
preferably from 20 to 150 ma. Freferably, the film has a linear 

15 thermal expansion coefficient of at moat 19,0 ppm/^'C/r and ita 
weight reduction under heat at a temperature not higher than 
the glass transition, ten^erature thereof is at most 1.3 % by 
weight. 

The film is highly fleTcible (that is, it is not brittle) > 
20 and its mechanical strength is high, and the film is therefore 

hardly cracJced. In addition, any foam that maybe formed during . 

molding is not found inside the film, and the film shrink little 

while molded- Accordingly, the film . realizes extremely. 

excellent transferability and the dimensional accuracy In 
25 forming the protrusion-grbovs microstructure' prof ile on the 
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film surf ace is extremely high- Concretely, for example, when 
a large number of protrusions having a height o£ from 20, to 
100 jm are formed, the height fluctuation in the film 3urtace 
protrusions is at most 1 fjin. In addition/ the misregistration 
5 between the neighboring protrusions in the film surface from 
the pattern of the mold falls within a range of measuremerit 

error (ax: most 0;2 im) • 

The form, of the substrate for use in the invention is 
not specifically dellnedy and. It may be tabular or curved, 
10 Preferably) however^ the degree of warp of the substrate surf ace 
at .200^C. and SO^'C (the length of thermal deformatiori in the 
direction vertical to the surface of thts substrate within a 
unit length thereof in the direction running along the surface 

of the substrate) falls within ± 5 \m/as\. I'C the degree of 
16 warp of the substrate is over the range/ then the film may peel 
from the substrate or may crack while it Is formed- Therefore,, 
taking the parametera into consideration, it is desirable to 
select and determine the material, the size and the shape of 
the substrate. 

20 Preferably^ the linear expansion coefficient of the 

substrate is at most 1.5 x iO"^'C"^. If the linear expansion 
coefficient of the substrate is over 1 .55 x 10"^**C"^/ for example, 
when the siibstrate is formed of a plastic having a. large thermal 

expansion coefficient such as polypropylene (9 to 15 x lO'^^c"^) , 
25 then the film may peel from the substrate or may crack while 


it is formed of a composition to give the film-- 

Ordinary inorganic glass has- a linear expansion 
coefficient of at most 1 .5 x 10"^°C"^. Preferably^ at least the 
surface of the substrate is an oxide. If the surface of the 
. . 5. substrate that is to be kept in contact with a composition to 
. form a film thereon is not an. oxide, the adhesion strength of 
the film may lower whiie the film Is formed of the composition, 
andf as the case may be, the film f oriaed may delaminate from 
Che substrate at their interface., 
10 Preferred examples of the material for the substrate 

. are oxide glass sufch as silicate giass^ borate glass, phosphate 
, glass; quartz, ceramicsi -.silicon, aluminium and other metals, 
, epoacy resins, glass fibers-reinforced polystyrene. If not 
spiBcif icaily processed/ metal could not receive a coinposltlpn 
.15 layer (organopolysiloxane f ilm) thereon. When the surf ace of 
.. metal is processed with- an oxidizing agent, then it may be used 
as the substrate -herein. 

In case where a transparent substrate that is pervious 
to light in service for optical devices Qf the invention, for 
20 example, visible light/ UV light or IR light ig used for the 
substrate In he Invention, then the optical devices of the 
invention may function as treinsmission optical devices such 
as lens arrays, diffraction gratings (e-g., echelett© gratings, 
ephelon gratings, echelle gratings) , Fresnellenses andothers, 
25 The steps in the process of fabricating the optical device 
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having a predetermined surface profile of the invention are 
described mqire concretely hereinunder* 
(Application of Solution to. Mold or Substrate) 

Inamoldcastlngmethod, aphotocurable or thermosetting 
5 f luidcompoBitionis cast onto a transparent inold to form thereon 
a layer having a thickness of from SO to 1 nun (and. having 
a viscosity of 200 mPa-rn) . The same shall apply also to a 
substrate casting method. 
. (Bonding/ Exposure, and Release from Mold) 
. 10 In the mold casting method, the fluid composition is 

kept in contact with the surface of a substrate put thereon^ 
and the fluid composition is thus spread under pressure between 
the mold and the substrate . In that condition^ the composition 
is exposed to UV light for 0,5 to .30 minutes so that it is bonded 
15 to the substrate. After the composition has been completely 
cured, the mold is removed from the substrate and the cured 
product is thus released from the mold. 

In the substrate casting method, a transparent mold is 
kept pressed against the coating film, and this is eaij^osed to 
20 UV light for O.S to 30 minutes in the same manner as above so 
that the substrate is bonded to the cured composition. Then, 
this is released from the mold* 

In any of the methods mentioned above, the solid 
composition layer formed and. bonded to the surface of the' 
25 substrate has a protrusion-groove micro structure profile 


U 0 - / - ^ U 1 


transferted from the pattern of the mold. 
{Final Heat set) 

The heating condition for increasing the density of the 
solid composition layer thus formed and released from the mold 

5 is heating the cured product at ISO^C for 60 minutes, 
(FoCTiation of Multi-Layered Dielectric Film) 

Using SiOg and Ti02 as the materi&l for the dielectric 
film/ these are deposited on the cured product in a mode of 
vacuum evaporation. The temperature of the, substrate (solid 

10 composition layer) is ISO^C- 

(Determitiatioh of Protrusion Height Fluctuation) 

The protrusion height fluctuation in the outermost layer 
of the thus-fabricated optical device is determined through 
laser microscopy. 

16 (Determination .of Heat Resistance/ Moisture Piesistance^ 
Optical Properties) 

The optical device thus fabricated herein is subjected 
to a test for heat resistance and moisture resistance at 8S°C, 
85 % and SOO'hours". It is then restored to room temperature, 

20 and is checked for cracks. Based on this / the optical device 
thus tested Is evaluated for the heat resistance and the moisture 
resistance thereof- In case where the optical device is a 
microiens, it is subjected to . spectrometry with an 

interferometer (He-Ne.laser, X=633nm) to measure the spherical 
25 , aberration thereof and the absoluteref lection spectrum thereof 
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at an incident angle of 12'* to the substrate surface. The 

wavelength shift of the minimum value of the data Is measured 

before and after the heat resistance/moisture resistance test . 

Based on It, the sample tested Is .evaluated for the 
6 char&oteristic deterioration thereof. In addition, using an 

Abbe's ref ractiometer, the d-ray refractive index of the film 

part of the sample is measured. 

(Determination of Weight Reduction in Heating) 

The weight reduction In the composition in heating is 
10 determined as follows: A. fluid composition to be tested is 

dropped onto a glass siibstrate and spread thereover, and then 

thia i3 exposed to UV light or heat so as to be completely cured. 
. Its weight is measured at room temperature ■ Me^t, thisisheated 

?Lt a processing temperature not higher than the glass transition 
15 temperature of the* composition (in this/ the temperature is 

SS^'C as in the heat resistance test as above) and kept in air 
for a predetermined period of time, (in thiSf the time is twice 
that in the above-mentioned heat-resistance and 
moisture-resistance test/ and is 1000 hours) , and its weight 

20 is again measured at room temperature. The weight change before 
and after heating treatment is calculated. as the weight loss 
ratio to the solid composition weight, and it indicates the 
weight reduction. (% by weight) in the cured composition layer. 
Examples of the optical device of .the invention are 

25 described below. 
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(Description of Molding Composition) 

(Molding Composition A) 94 parts by weight of a 
non-fluorinated epoxy compound, aliqyclic epoxy compound of 
formula |1) , 1 part by weight of a polymerization initiator^ 
5 catioriic initiator (39), and 5 parta by weight of a ailane 
coupling agent of formula (20) were mixed to prepare a molding 
composition A. 

(Molding Composition B) 50 parts by weight of a 
ndn-fluorinared epoxy compound, allcycllc epoxy contpound of 

10 formula (2) , 38 parts by weight of an aromatic epoxy compound 
of formula (9)^ iO parts by weight of a fluorinated epoxy 
. compound of formula (16); and 2 .parts by weight of a 
polymarization initiator, cationic 'initiator (S9) were mixed 
to prepare a molding composition B, 

15 . '(Molding Composition CI) 97 parts by weight of an acrylic 
compound and 3 parts by weight of a radical photopolymerization 
initiator were mixed to prepare a molding composition Cl. 
(Molding Composition C2) <LB. parts by weight of a 
non-fluorinated epoxy compound^ allcyclic epoxy compound of 

20 formula (2), 49 parte by weight of a fluorinated epoxy compound 
Of formula (16) / 2 partsbyweight of apolymerization initiator, 
cationic initiator (39) and' 1 part by weight of a silane 
coupling agent of formula (2D), were mixed to prepaire a molding 
composition C2.' 

26 (Example 1) 
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An antiref lection film-coated, convex lens array, of 
resin 120 was formed on a glass substrate 22, as In Fig. 2. 
The glass substrate 22 is a quartz glass substrate having a 
thickness of 3.0 mm and a square size of 50 mm x 50 mm (having 
5 a linear expansion ^efficient of 5,5 x 10"^^c"i^) , and this was 
uitras'onically washed with alkali and further washed with pure 
.water, For the . molding resin/ herein used was the molding 
composition A, of which the glass transition temperature Tg 
is 230*'G after, cured. According to a mold casting method^ a 

10 film was formed on. one surface of" the quartz glass sxibstrate 
and a protrusion-groove micro structure profile was formed 
thereon- The linear thermal expansion coefficient of the 
molding compoeition A is 106 ppm/**C, after cured. The cured 
resin was kepn at 85**c tor 1000 hours, and then the weight 

16 reduction therein was previously determined, and it was 0-6 % 
by weight . . 

The mold used herein is as follows: This is amoldfonued 
of glass (having a thickness of 5 mm and a size of 50 mm x 50 
mm) / and 50 semi-spherical grooves are densely formed both in 

20 the machine direction and in the cross direction in its surface, 
totaling about 2500 seml-spherlcal grooves therein. Eiach 
semi-spherical groove in it has a radius of curvature of 1.75 
mm, a lens diameter of 1. 0 mm and a groove depth of 73 |Lim- For 
improving the mold releasability thereof, the surface of the 

25 mold was coated with a f luororesin film. formed in a spin coating 


38 


method. 

Tlxe molding composition A was applied to the laold so 
that the tticknese of its layer could be about 100 (im. This 
was exposed to UV light from the side ot the substrate at room 
5 temperature .for 3 roixxutes • The light intensity was 120 itiW/cin^. 
After this was released from the mold^ it was finally heated 

at I50**c for 60 minutes. 

Thus molded; the thickness/ d, of the thinnest region 
. of the cured film 34 of the organic polymerlzable resin was 
10 about 20 (mi; atnd the maximum thickness, D, from the top of the 
spherical protrusion was 91.5 fm. The f ilxcL was transparent, ' 
and its refractive index was. 1*50 • The film contained a 
polymerized epoxy moiety, [- (CH2) 3OCO (CH2) ^COO (CH2) a-] - 

Next, the substrate was heated up to 200*c, and an . 
16 adhesion-reinforcing- layer 42 of Si02 (lOOnia) was formed through 
vapor deposition. Immedlatelyaf ter it, anantlref lection film 
45 of Ti02 (74.8 nm)/Si02 (64 .8 nm) /Ti02 (189.7 nm) /Si02 (266.5 
nm) was formed. 

The focal distance of the microlenses 50 was from 3,297 
20 to 3.300 mm- , 

100 convex lenses were randomly sele^cted in the mlcrplens 
array, and their dimensions were measured. The mean height 
was 71.5 \m, and the standard deviation was 0,12 \m. Calculated 
from these data, the shrinkage of the cured film was about 2 %, 
25 and. the spherical aberration of the microlenses 50 measured 


39 


> 1^ NOOO I ^^D4 


with He-Ne laeer (X = 633 lun) was RMS = 0.05 >l with a standard 

deviation o£ O.OOi X. . _ ■ ' ' \ 

The laicrolens array was tested for the heat resistance 
and the moisture resistance thereof. After the test, the film 
5 w&s. neither cracked nor peeled/ and the focal distance of all 
convex lenses fell within a range of from 3,297 to 3-300 mm. 
This means no change in the focal distance before and after 
the test. Parallel rays were made, to vertically enter the 
mlcrolens array from the side opposite to the film-coated side 
10 thereof, and the diaiaeter of the condensed apot waa measured. 
As a result, the diameter of the condensed spot of every convex 

lens was noi: larger than Z \m, and this did not change before 
and after the test ^ 

For evaluating the characteristics of the ant iref lection 
16 film thereof , the device fabricated herein was analyzed through 
spectrometry to measure the reflection spectrum thereof . No 
, change was found in the minimuia' value. Observing the cross 
section of the antiref lection- film of the device by the use 
of a scanning electronic microscope revealed that, the f ilm was 
20 dense and had neither grainmassee nor columnar structures having 
a size of 10 nm or more. 
(Comparative Example 1) 

A microlens array was -fabricated in the same manner as 
in Example 1. using the same substrate and the same mold as in 
25 Example 1. In this, however/ an acrylic acid monomer to have 


tg of 30°C after cured was used in the absence of a solvent, 
in place of the molding composition A useci in Example 1. 

The thictaiess of the thinnest region in the film thus 
formed Herein was about 35 [im* An antiref lection film was formed 
5 on this filmr but it cracked. 100 convex lenses were, randomly 
selected in the microlens array, and their dimensions were 
measured. As a. result, the mean shrinkage of the film was 6 %, 
and this -is larger than that in Example 1 • 

The spherical aberration of the device fabricated herein 

10 and measured in the same 100-point measurement method as above 
was RMS = 0.3 X with a standard deviation of 0. 01 X. This means 
that the spherical' aberration herein is large (6 times) and 
its standard deviation is also large (10 times) as compared 
with those in Example 1. In addition, the micjrplenses herein' 

15 formed were not spherical and their distribution was great, 
and, therefore, the shape of the condensed spots was not good 
and the condensed spot diameter was 10 fim, Further/ the focal 
distance fluctuation was great/ varying from 2.900 to 3.600 
mm. In addition, the device fabricated herein was tested for 

20 \ the heat resistance and the moisture resistance thereof in the 
saitie manner as in Example l. As a result, the cured film was 
cracked and peeled, and much deformed. After the teat, the 
focal distance and the spherical aberration could not be 
measured. - 

25 (Example ,2) 
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A microlGns array was fabricated in the same m^ner as 
in Example 1/ for which/ howeverf a molding coiaposltlon B to 
have Tg of 170*C after cured was uaed. The laolding composition 
B has a linear thermal expansion coefficient of 117 ppm/^'C after 
B cured- The thickness of the thinnest region of the array was 
about 50 (im. Like in Example 1, an antireflection film was 
formed on It, at a substrate temperature of 15Q"C- The fllin 
formed was goodi and no crack was found therein - 

The focal distance of the mlcrolens was from 3.297 to 
10 3.300 mm." 100 convex lenaea were randomly selected in the 
microlens array, arid their dimensions including the height of 
the- convex lens part were measured. The mean height Was 71 .5 
fim/ and the standard deviation was 0»12 |im. Calculated from 
these data, the shrinkage of the cured film was about 2 %, and 
15 the spherical aberration of the microlenses measured with He-^Ne 
laser [X = 633 nm) was RMS = 0.05 3i with a standard deviation 
of 0.001 A.. 

,The microlens array was tested for the heat resistance 
. and the moisture resistance thereof • After the test, the film 
20 was neither cracked nor pealed, and the focal distance of all 
convex lenses fell within a range of from 3.297 to 3,300 mm, 
.This means no change in the focal distance before and after 
the test. Parallel rays were made to vertically enter the 
microlens array from the side opposite to the film-coated side 
25 thereof , and the diameter of the condensed spot was measured. 
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As a result, the diameter of the condensed spot of every convex 

lens was noi: larger than 3.mn/ and this did not change. before 
and after the heat resistance and mqisture resistance teste. 
For evaluating the characEerlstlcs of the antiref lection film 
5 thereof, the device fabricated herein was analyzed through 
spectrometry to measure the reflection spectrum thereof- The 
minimum value changed by 20 nm. 
(Example 3) 

A protrusion- groove micros tructure was fabricated in 

10 the same manner aa in Example 1, for which, however^ a molding 
composition CI to have Tg of 128°C after cured was used. The 
thickness of the thinnest region of the structure was about 
50 fim. Like in Example 1/ an antiref lection film was formed 
' on it, at a substrate temperature, of 120*c, The film formed 

15 was goodf and no crack was found therein ► 

The focal distance of the mlcrolens of this structure, 
was .from 3-300 to 3-303 mm, 100 convex lenses were randomly 
selected in the film-coated, protrusion-groovemiqrostructure, 
and their, dimensions including the height of the convex lens 

20 part were measured. Themeanheight was 72.3 (xm/ and the standard 
deviation was 0-13 |jm. Calculated from these data, the 
shrinkage of the cured film was aisout 2 %, -and the spherical 
aberration of the microienses measured with He-Ne. laser (X 
633 nm) was RMS = 0.05 K with a standard deviation or 0,001 

25 X. 
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The microstructure was tested for the heat resistance 
and the moisture resistance thereof. After the test; the film 
was neither cracked nor peeled,, and the focal distance, of all 
convex lenses fell within a range of from 3,300 to 3.303 mm. 
B Thia means no change in the focal diatance before and after, 
the test. Parallel rays were made to vertically enter the 
microlens array from the side opposite to the film-coated side 
thereof, and the diameter of the condensed spot was measured. . 
As a result, the diameter of the condensed spot of every convex. 

10 lens Was not larger than 3 im, and this did not change before 
and after the test. For evaluating the characteristics of the 
antiref Ifection film thereof, the device fabricated herein was 
analyzed through spectrometry to measure the reflection 
spectrijm thereof. The mininoim value changed by 50 nm, 

IB (Example 4). 

A protrusion-groove microstructure was fabricated in 
the same mariner as in Example 1, for which, however, a. molding 
composition C2 to a linear thermal expansion coefficient of 
146 ppm/^c after cured was used. The thiclaiess of the thinnest 

20 region of the structure was about. 50 jjia, ■ Like in Example 1, 
an antlreflectlon film was formed on it, . at a substrate 
temperature of 120*^C^ The film formed was good, and no crack 
was found therein. The weight reduction in the resin kept at 
B5*'c for 1000 hours was o»l s by weight. 

25 The focal' distance of the microlens of the microlens 
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was from 3.300 to 3.303 mm. 100 convex lenses were randomly 
. selected in the film-coatedf protrusion-groove microstructure^ 
and their dimGnsions including the height of the convex lens 
partweremeasured. Themeanheightwas 72 . 3 pm, and the standard 
5 deviation was 0.13 \m. Calculated from these data, the 
shrinkage of the cured film was about 2 and the spherical 

aberration Of the mlcrolenses measured with ne-Ne laser {K = 
633 nm) was RMS = 0.05 X with a standard deviation of 0,001 

10 The niicrostructure was tested for the molatuire 

resistance thereof- After the test/ the film was neither ' 
cracked nor peeled/ and the focal distance of all convex lenses 
fall within a range of from 3.300 to 3.303 mm. This means no 
change in the focal distance before and after the moisture 

15 resistance, test . Parallel rays' were made to vertically enter 
the microlens array from the side opposite to the f llm-^cpated 
side thereof, and the diameter of the condensed spot was measured. 
As a result, /the -diaitieter of the condensed spot of every convex 
lens was not larger than 3 and this did not change before 

20 and after the -moisture resistance test. 

For evaluating the characteristics of the antireflectlon 
film thereof, the device fabricated herein was analyzed through 
spectrometry to measure, the reflection spectrum thereof- The 
minimum value changed by 20 ran. 

25 The data in the Examples mentioned above confirm that 
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the lenses. formed of a resin having a linear thermal expansion. 

coefficientof atmost 150 ppm/**c all have goodweather resistance 
including tho antiref lection film thereof . Resins having a 

linear therinal expansion coefficient of at most 170 ppia/®C are 
S effective for realizing the advantages as above /and those having 
a linear t henna 1 expansion coefficient of at most 190 ppm/°C 
. . are acceptable for practical use . Needle5s^tD-*5ay/ the resins 
of the type are not limited to convex lenses but are applicable 
to any others such as transmission gratings and Fresnel lens 

10 optical devices of good weather resistance, depending on the 
predetermined surface profile formed thereon. . ' ' 

Further, the data in the Examples mentioned above confirm 
that the. lenses formed of a resin of which the weight reduction 
in heat treatment at a temperature not higher than the glass 

15 transition temperature thereof is at most 0.7 % by weight' all 
have good weather resistance including the antlref lection Illm 
thereof. Resins of which the weight reduction in heating is 
atmost 1 . 0 %byweight are effective for realizing the advantages 
as above/ and those of which the weight reduction in heating 

20 is at most 1*3 % by weight are acceptable for practical use. 
Needless-to-say, the resins of the type are not limited to convex 
lenses but are applicable to any others such as transmission 
gratings and Fresnel lens optical devices of good weather 
resistance/ depending on the predetermined surface profile 

25 formed thereon. 
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As described hereinabove, the invention provides an 
oprical device oE which the advantages are that Its glass 
transition temperature is high, as well as its linear thermal 
expansion coefficient and its weight reduction in heating are" 
S small- The thermal shrinkage in film formation is amall and 
its surface has a protrusion-groove microstructure profile of 
high diiaensional accuracy. Concretely^ the optical device of 
the invention is applicable to multi-layered dielectric 
film-coated mlcrolens arrays/ transmission gratings/ fresnel- 
10 lenses and others of high laoisture resistance. ^ 
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